Specific therapy of ocular infections often requires etiological diagnosis that is a combined effect of observation of characteristic clinical features and microbiological investigations. Clinical impression is central to guiding the laboratory investigation, and the aim of laboratory investigation is to confirm or rule out the clinical diagnosis. However, clinical features may vary considerably, and no one clinical feature may be pathognomonic of a particular pathogen. In addition, there may be a racial, geographical, and climatic difference in the distribution and type of causative agents associated with infections. Ophthalmologists have at their disposal in vivo and in vitro methods of diagnosis of ocular infections. The expertise of the clinician and the microbiologist along with the facilities available, determine the success with accurate diagnosis. A wide range of conventional and molecular techniques are available that not only provide rapid diagnosis for known common infections but have the potential to bring to the fore unknown organisms that may be associated with ocular infections.
Introduction
The external ocular surface harbors commensal organisms, such as Staphylococcus species, Corynebacterium species, and Propionibacterium species, which form the resident flora. Given a chance, any environmental organism can become a transient flora in the eye. The intraocular tissues and spaces, however, are sterile. While the conjunctiva is protected by blood supply, the cornea is avascular; therefore, the types of organisms invading these tissues may vary. The intraocular tissues are relatively immune-privileged 1 and can be infected by any organism that manages to enter the inside of the eye. Trauma is an important predisposing factor for infection of the cornea and intraocular tissues. While exogenous infections are most common, eye infection may develop by spread of infection from neighbouring organs or hematogenously. 2 Ocular infections may be caused by bacteria, fungi, parasites, or viruses, and each of these may produce a spectrum of disease. It is usually challenging to determine the causative agent based on clinical features because they may or may not be distinctive. Many a time, it may not even be possible to discriminate between infective or non-infective conditions. In addition, the prevalence and distribution of type of infectious agents associated with eye infections widely vary and are dependent on variety of factors. In recent times, in vivo methods, such as confocal microscopy, have come a long way in putting clinical diagnosis on firmer grounds, especially for Acanthamoeba and fungal keratitis. 3 However, apart from its limited application, the equipment may not be available in all settings. Therefore, confirmation by microscopic examination and culture of the clinical samples remain the gold standard for etiological diagnosis. Currently, molecular diagnosis has added the sensitivity, specificity, and speed that have been the concerns with the conventional techniques of microscopy and culture. This review will describe the role of various methods that are currently available for the diagnosis of ocular infections.
In vivo confocal microscopy
Confocal microscopy is an attractive noninvasive technique that offers magnifications up to Â 200 to Â 500 with increased image contrasts and allows details of the cornea to be visualized even in hazy corneas. It allows repeated observations that aid in diagnosis, 4 Although there are several reports published in the last decade to demonstrate the efficacy of confocal microscopy in the diagnosis of Acanthamoeba, 5 fungal, 6 Nocardia, 7 and Microsporidia 8 keratitis, it was only recently that the diagnostic accuracy was reported. 3, 9 In one of the studies that took positive tissue diagnosis as the reference, confocal images were assessed on two occasions by four observers, who were masked to the tissue diagnosis and diagnostic accuracy indices were calculated. 9 The authors reported highest positive likelihood ratio of 2.94 and lowest negative likelihood ratio of 0.59 with agreement values fair to moderate. Stand-alone use of confocal microscopy for the diagnosis of microbial keratitis was not recommended. 9 The other study sought to determine inter and intraobserver variation in analysis and interpretation of confocal microscopy findings with conventional microbiology findings (microscopy and culture) of the corneal scrapings from patients with Acanthamoeba or fungal keratitis as the gold standard. 3 The sensitivity and specificity of diagnosis by confocal microscopy were 88.3% and 91.1%, respectively. The inter-and intraobserver agreements were good, and the authors concluded that confocal microscopy provided accurate and reliable diagnosis in fungal and Acanthamoeba keratitis. Diagnosis using confocal microscopy is particularly advocated when corneal infiltrate is deep seated or patients are on treatment or microbial keratitis develops after intracorneal implants like intracorneal ring segments or refractive surgery. 3 
Conventional microbiological methods
Clinical samples for the diagnosis of eye infections must be collected from the site of infection. Serum samples are very rarely helpful in the diagnosis of eye infections. Generally, the sample available is very minute and requires direct processing without resorting to transport media (except for virus or Chlamydia isolation). However, use of Amies transport medium without charcoal was shown to be as good as direct patient side processing of corneal scrapings for culture of bacteria and fungi after storage for 24 h at room temperature. 10 Prolonged incubation (1-2 weeks) of most media is recommended to allow growth of slow-growing/fastidious organisms. Type of clinical sample that are generally collected for the diagnosis of various eye infections are listed in Table 1 .
Processing of clinical samples from the eye
Ocular samples require special handling and direct patient-side processing. In case of non-availability of the microbiology laboratory in the premises of the hospital, the required slides and media may be obtained beforehand and kept in reserve for use. The slides/media may be transported in secure boxes to the laboratory after collection of the samples. Items such as contact lens cases and contact lens solutions may be directly submitted to the laboratory for processing. The direct smear examination methods and common culture media used for isolation of bacteria and fungi are similar for majority of the samples, although the method of inoculation may vary. Sample collection for detection of parasites and viruses require special procedures. Samples such as corneal buttons/biopsies, eviscerated contents, or any other tissues, need to be simultaneously investigated by histopathology and a correlation is sought for appropriate reliable diagnosis. Table 2 provides the direct microscopy methods that may be used for detection of various organisms from ocular samples. Smears are generally not made from samples such as contact lenses, contact lens solutions, intraocular lenses, corneal biopsy/buttons, and iris tissues. These samples are directly processed for culture of bacteria, fungi, or parasites in appropriate media.
Most samples, except fluids, for polymerase chain reaction (PCR) are placed in sterile phosphate buffered saline pH 7.2 and submitted to the laboratory, where they may be retained at 4 1C for 24 h before tested. Storage at À20 1C is recommended, if the testing is likely to be delayed. Aqueous and vitreous fluids can be directly used for DNA isolation. They can be stored at 4 or À20 1C until tested. PCR can identify the offending organisms in less than 24 h. It is considered useful in the diagnosis of bacterial (Propionibacterium acnes) as well as fungal endophthalmitis, as the sensitivity of conventional culture methods is low. Prior antibiotic therapy, small number of organisms, possible localized infection in capsular bag, and fastidious nature of the organisms are possible causes of low sensitivity. PCR with primers specific for P. acnes, has been successfully used 11 on vitreous specimens negative in smear and culture but positive in PCR by eubacterial primers. DNA sequencing of the universal (eubacterial) nested PCR product allows the identification of the causative organism in a number of culture negative cases of endophthalmitis. PCR has also been found useful in the diagnosis of fungal endophthalmitis. 12 
Direct microscopy examination of clinical samples
Most microbiology laboratories provide a rapid diagnosis based on initial smear examination of the clinical samples that helps initiate specific treatment early in the disease. It is a good laboratory practice to provide the initial microscopy results in the shortest possible time. Thorough microscopic examination of the Diagnosis of eye infections S Sharma
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Eye smears stained appropriately can often provide etiological diagnosis that does not require further culture. Gram stain is the most commonly used stain that demonstrates the presence of bacteria, fungi, and parasites ( Figures 1a-d) . The sensitivity and specificity of Gram stain and potassium hydroxide with calcofluor white in the identification of bacterial and fungal elements in corneal scrapings is reported to be affected by the stage of the disease, both being higher in advanced stage. 13 Observation of unstained or partially stained bacilli in corneal scrapings has been shown to provide the clue regarding Mycobacterium infection. 14 Restaining of the smear with Ziehl Neelsen stain would reveal the presence of acid fast organism prompting immediate institution of therapy with 2.5% amikacin. Figure 1e shows the slit lamp picture of the cornea of a patient whose corneal scraping stained with Gram stain showed unstained bacilli that were found to be acid fast by Ziehl Neelsen stain (Figures 1f and g ). A significant growth of Mycobacterium fortuitum was seen in the culture of the corneal scraping (Figure 1h) . Similarly, detection of gram positive, thin, beaded, branching filaments in corneal scraping is suggestive of Actinomycetales. Presence of acid-fast filaments in Kinyoun stain (modified Ziehl Neelsen stain with 1% H 2 SO 4 ) performed on the same smear would be In contrast, the role of smear examination in the diagnosis of infectious endophthalmitis is not very encouraging as the sensitivity is low. 15 However, detection of fungal elements in vitreous sample can help early administration of antifungal intravitreal therapy.
Not many studies have reported the role of smear examination in initiating early treatment in other ocular infections. However, detection of Neisseria gonorrhoeae in Gram stain of conjunctival secretion smear is extremely useful for good therapeutic outcome. The protocol in our laboratory includes direct smear examination of all ocular samples by Gram stain and/or potassium hydroxide with calcofluor white (KOH þ CFW). Special stains of Giemsa, Ziehl Neelsen, Kinyoun, and Gomori methenamine are done when indicated.
A rapid diagnosis of viral infection can be established by observing stained smears of corneal scrapings, conjunctival scrapings/swabs, or centrifuged deposits of aqueous/vitreous fluids (cytospin). This may be accomplished by using nonspecific staining techniques such as Giemsa, Papanicolaou, and Hematoxylineosin stain. 16 These techniques help visualize multinucleated giant cells, koilocytic changes, and intranuclear/ intracytoplasmic inclusions, and various inflammatory cells that are predominantly lymphocytes.
Intranuclear inclusions are more efficiently seen in Papanicolaou stain than Giemsa-stained smears; however, Giemsa stain is good for evaluating cell types. Though these staining techniques have the advantage of being rapid and inexpensive, they are often nonspecific and offer low sensitivity in the diagnosis of viral infection. For example, these stains cannot differentiate the intranuclear inclusions of herpes simplex virus (HSV) from that of varicella zoster virus (VZV).
Specific cytology techniques used for viral diagnosis are techniques that indirectly suggest the presence of viral antigen in the clinical sample. 11, 16 Detection of cell-associated viral antigen in a corneal scraping or conjunctival scraping is very useful in the diagnosis of viral keratitis. Direct and indirect immunofluorescence and indirect immunoperoxidase assays can be used in the diagnosis of HSV, VZV keratitis, and adenoviral keratoconjunctivitis. Both these tests are rapid, specific and sensitive when suitable monoclonal or purified polyclonal antibodies are used in the test system. Indirect immunoperoxidase (IP) assay has distinct advantages over indirect immunofluorescence (IF) assay. The former provides a permanent preparation for records and utilizes an ordinary light microscope, whereas the latter has the inherent problem of quenching (fading) of fluorescence and requires a sophisticated and expensive fluorescence microscope. In addition, the IP technique can be used on paraffin embedded tissue whereas the IF technique provides better results with frozen tissue sections.
Culture methods for bacteria, fungi, and parasites (Acanthamoeba)
Processing for culture involves inoculation of the sample on appropriate culture media. Prior knowledge of expected organisms helps determine the type of media to be included. The incubation conditions of the media also vary and are based on the organisms expected. Most samples are processed for isolation of bacteria and fungi. Fungi associated with eye infections are usually fastgrowing saprophytic fungi that can grow on media, such as blood and chocolate agar, traditionally meant for bacteria. 17 A single protocol is recommended for the culture of bacteria, fungi, and Acanthamoeba from corneal scrapings. However, in situations where only bacteria and fungi are expected (endophthalmitis) the culture for Acanthamoeba is not included. Table 3 lists the different media that are used for culture of common organisms from the ocular samples.
The number of media may be reduced as per the availability of the samples. All media are incubated at 37 1C except Sabouraud dextrose agar, which requires 25-27 1C (BOD incubator). Chocolate agar is incubated in 3-5% CO 2 in a candle jar or CO 2 incubator, and blood agar for anaerobic culture requires anaerobic chamber or anaerobic jar with gas pack. All other media are incubated aerobically.
All media are examined for growth daily and are incubated for 1-2 weeks before discarding. Bacteria such as Nocardia species, atypical mycobacteria, and Acanthamoeba grow slowly and require prolonged incubation. Although most fungi associated with eye infections are saprophytes and grow within a week, they may require incubation for 2-4 weeks for proper sporulation and identification.
Although bacterial and fungal colonies are examined with unaided eyes, the observation of Acanthamoeba growth requires use of microscope. Non-nutrient agar plates (with lid on) are placed under Â 4 objective lens of the microscope, and the presence of trophozoites is looked for in the vicinity of the inoculation mark on the surface of the medium. One may be able to see the characteristic track marks made by the migration of the trophozoites on the Escherichia coli lawn. Acanthamoeba forms no colonies. Bacterial growth in liquid media appears as turbidity that requires to be subcultured and Gram stained for identification. The growth of bacteria or fungus in culture is considered significant if the growth is confluent (more than 10 colonies) on the site of inoculation on solid media, or the organism was seen in the smears, or if the same organism was grown in more than one medium.
Antibiotic susceptibility testing
Susceptibility tests help to determine the most effective drug that can be used for treatment. Susceptibility of bacterial isolates to antibiotics is well standardized by clinical laboratory standards institute and guidelines are available for disc diffusion assay (CLSI M02-A10, 2009), as well as for broth dilution and agar dilution methods (CLSI M07-A8, 2009) for determination of minimum inhibitory concentration (MIC) of antibacterial agents. Susceptibility tests for bacteria using disc diffusion method are well standardized, and availability of commercial antibiotic discs makes it a commonplace practice by all microbiology laboratories. The antibiotic discs, however, contain obtainable serum level of the drug and not the level obtainable in the tear film or cornea or intraocular space by usual topical or intraocular therapy. Therefore, organisms reported as resistant may be susceptible in ophthalmic situation. Whereas disc diffusion method labels an organism as susceptible, resistant, or intermediately susceptible, broth Only a limited number of antifungal susceptibility testing of ocular isolates has been reported. [18] [19] [20] E-test of several antifungals is also available for yeast and filamentous fungi. However, unlike bacterial isolates, testing of fungal isolates for susceptibility to antifungal drugs is yet to become a routine practice.
Culture of ocular samples for viruses
The sample for viral diagnosis always needs to be collected in an appropriate transport medium (except the smears) and sent to the laboratory. Methods of transport would vary according to the type of sample. Hank's balanced salt solution or 2 sucrose phosphate broth may be used. 11, 16 Samples received in a virology laboratory may be processed using a variety of techniques. The choice of technique would depend on the type of sample and the specific virus that is being looked for. Most of the procedures can be performed in a moderately equipped laboratory. Of all available laboratory techniques for diagnosis of viral infections, only a few can be adopted in a particular laboratory. The choice is made on the basis of the advantages, disadvantages, and cost effectiveness of the techniques and their overall utility. Established cell lines such as HeLa, Vero, HEp 2, MRC-5 etc. have been used for isolation of HSV from corneal scrapings and other ocular samples. An immortalized human corneal epithelial cell line has been reported to be very sensitive for isolation of HSV. 21 Growth of virus in the cell lines can be confirmed either by characteristic cellular changes or cytopathic effect (CPE) or by IF or IP techniques, which detect viral antigens in the infected cell lines. Appearance of CPE may take several days but antigens can be detected even before CPE occurs, thereby rendering the latter a more rapid method. Viruses may be cultured in cell lines maintained in tubes (tube culture) or on cover slips in vials (shell vial). 22 In recent times, viral molecular diagnostic methods for demonstration of viral DNA in clinical samples have taken over the virus isolation. Molecular methods are ideal for viral diagnosis as virus isolation is time consuming, technically demanding and requires special and expensive virology laboratory set up.
Molecular methods in the diagnosis of ocular infections
By virtue of being extremely sensitive and specific, molecular techniques, especially PCR, is presently the most sought-after test for viral diagnosis and detection of organisms that are difficult to culture such as Microsporidia, Propionibacterium acnes, Toxoplasma gondii etc. or that take long time to grow, such as Mycobacterium tuberculosis. PCR is a rapid, reliable and sensitive tool for the diagnosis of bacterial and fungal endophthalmitis. 23 PCR-based techniques with several of its modifications have been widely used for the diagnosis of viral infections of the eye. Conjunctivitis or keratoconjunctivitis caused by adenoviruses, 24 herpes simplex virus, 25 Chlamydia, 26 or microsporidia 27 are usually confirmed by PCR-based techniques. Uniplex, as well as multiplex, PCRs are used for the diagnosis of viral retinitis. 28 The utility of PCR techniques for improving diagnosis of fungal infections of the eye has been demonstrated by several investigators. [29] [30] [31] Panfungal PCR using ITS primers was shown to be very sensitive for the diagnosis of fungal endophthalmitis. 12 A recent study has compared three different panfungal primers for the diagnosis of fungal keratitis and has concluded that the sensitivity of PCR using ITS primers is higher than 18 S rDNA and 28S rDNA primers. 32 DNA technology in the form of DNA chip has been developed by Xcyton Diagnostics Bangalore, India, and provides a platform to apply multiplex PCR and hybridization for simultaneous diagnosis of several ocular infections. 33 Real-time PCR has added a great advantage in being quantitative and its application in diagnosis and follow up of several ocular viral infections has been reported. 34, 35 Sequencing of genomic fragments often helps identify organisms that are difficult to identify by conventional methods. New organisms have been associated with eye diseases in recent studies. These versatile techniques have opened our eyes to the fact that much remains to be learnt as far as ocular infections are concerned.
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Conclusions
The repertoire of investigations for the diagnosis of ocular infections depends on the facilities and expertise available. A judicious combination of clinical acumen and laboratory tests would help make an etiological diagnosis and initiate specific treatment without losing time.
